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Al2O3 0.49 2.33 0.60
CaO 3.65 3.80 22.37
Cl 0.47 0.59 0.03
Fe2O3 0.76 1.87 2.36
K2O 6.00 4.03 1.35
MgO 1.55 2.02 0.48
MnO2 0.15 0.13 0.83
Na2O 0.07 0.20 0.06
P2O5 3.86 1.19 0.20
SiO2 43.62 29.98 5.67
SO3 0.99 0.28 0.27
Other 0.25 0.64 0.51
Brewer, et al. Environ. Prog. Sustainable Energy 2009, 28, 386‐396.




























0.8.% 1.4% 6.7% 52%     35% 1.4% 1.6% 1.3%
Switchgrass 
Fast Pyrolysis
3.3% 3.2% 10.3% 49%     24% 3.6% 2.6% 4.0%
Switchgrass
Gasification
2.0% 2.2% 6.4% 66%     15% 4.0% 2.0% 2.0%
Corn Stover 
Fast Pyrolysis
3.5% 4.2% 11.7% 42%     27% 3.3% 3.7% 4.8%
Corn Stover
Gasification
2.5% 2.8% 8.2% 61%     18% 3.0% 2.3% 1.3%
Brewer, et al. Environ. Prog. Sustainable Energy 2009, 28, 386‐396.











































































































































































































































































































































































Center for Sustainable Environmental Technologies
17 Char Study
19
Char ID # Feedstock Reactor Reaction Conditions
1 Corn Stover Fluidized Bed Pyrolyzer Fast Pyrolysis 500°C
2 Corn Stover Freefall Pyrolyzer Incomplete Fast Pyrolysis 600°C
3 Corn Stover Freefall Pyrolyzer Incomplete Fast Pyrolysis 550°C
4 Corn Stover Freefall Pyrolyzer Incomplete Fast Pyrolysis 500°C
5 Corn Stover Fluidized Bed Gasifier Air‐Blown Gasification732°C
6 Corn Stover Fixed Bed Pyrolyzer Slow Pyrolysis 500°C
7 Switchgrass Fluidized Bed Pyrolyzer Fast Pyrolysis 450°C
8 Switchgrass Fluidized Bed Pyrolyzer Fast Pyrolysis 550°C
9 Switchgrass Fluidized Bed Pyrolyzer Fast Pyrolysis 500°C
10 Switchgrass Fluidized Bed Gasifier 60%/40% O2/Steam Gasification 824°C
11 Switchgrass Fluidized Bed Gasifier 50%/50% O2/Steam Gasification 775°C
12 Switchgrass Fluidized Bed Gasifier 40%/60% O2/Steam Gasification 796°C
































Corn Stover Freefall Pyrolyzer Incomplete Fast Pyrolysis“600°C”
Corn Stover Freefall Pyrolyzer Incomplete Fast Pyrolysis“500°C” 
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BIOAVAILABLE CARBON IS NOT 
SEQUESTERED CARBON
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Amendment Properties
Corn stover Biochar 1 Biochar 2 Biochar 3
Moisture (%) 4 3 2 2
Volatiles (%) 73 26 17 14
Fixed carbon (%) 10 25 25 25
Ash (%) 14 46 56 59
C (%) 41 35 31 30
H (%) 6 3 2 2
N (%) 0.7 0.7 0.6 0.6
S (%) 0.06 0.03 0.02
O (% by difference) 39 14 9 8
BET surface area (m2/g) 4.5 3.3 8.5
Particle density (g/cm3) 1.78 1.88 2.06
H/C molar ratio 1.81 0.99 0.77 0.63
O/C molar ratio 0.72 0.30 0.22 0.20
C/N molar ratio 68 51 54 46
Fixed carbon/volatiles 0.14 0.95 1.49 1.83
NMR Aromaticity (% 13C) 62 75 81
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Soil Properties
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